Directed attention reduces processing of emotional distracters irrespective of valence and arousal level  by Wiens, Stefan & Syrjänen, Elmeri
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a  b  s  t  r  a  c  t
Emotional  stimuli  tend  to  capture  attention,  and this  so-called  motivated  attention  is  commonly  mea-
sured  using  the  early  posterior  negativity  (EPN)  and  the late positive  potential  (LPP).  We  hypothesized
that  voluntary,  directed  attention  reduces  motivated  attention  more  strongly  for  highly  than  moder-
ately  arousing  pleasant  or unpleasant  pictures.  Participants  were  instructed  to direct  their  attention  toeywords:
ttention
motion
vent-related potentials
PN
PP
either  a  picture  at ﬁxation  or the  letters  ﬂanking  the  picture.  Pictures  varied  substantially  in arousal  and
valence.  When  the  pictures  were  attended  to, EPN  and  LPP  increased  linearly  with  arousal.  When  the let-
ters  were  attended  to, these  linear  effects  decreased  in  the  EPN  for pleasant  and  unpleasant  pictures  and
in  the  LPP  for  pleasant  pictures.  Thus,  directed  attention  decreases  processing  of emotional  distracters
more  strongly  for  highly  than  moderately  arousing  pleasant  and  unpleasant  pictures.  These  results  are
consistent  with  the view  that  directed  attention  decreases  emotion  effects  on  sensory  gain.
© 2013 The Authors. Published by Elsevier B.V. Open access under CC BY-NC-SA license. . Introduction
Interacting with the environment requires human beings to
rocess an abundance of input from multiple stimuli in differ-
nt sensory modalities. Although the human brain has limited
rocessing resources (Marois & Ivanoff, 2005), selective attention
an be directed at particular stimuli to facilitate their processing.
elective attention can be inﬂuenced by voluntary mechanisms (i.e.,
op down) or by stimulus-driven features (i.e., bottom up) (Yantis,
008). In everyday life, voluntary, directed attention and stimulus-
riven attention need to be kept in balance. For example, if you
o to the supermarket with your two-year-old son, your attention
annot be directed exclusively to ﬁnding the items you want to buy,
s you also need to keep track of your son.
Because stimuli in the environment differ in how important they
re, they also differ in their ability to capture attention. Emotional
timuli are intrinsically important because they contain informa-
ion that is relevant for survival. Clearly, an approaching predator
r aggressive conspeciﬁc has strong and direct implications for sur-
ival (Öhman & Mineka, 2001; Öhman & Wiens, 2003). However,
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Open access under CC BY-NC-SA licenseven food, erotic scenes, and babies are relevant for survival (e.g.,
ingestion, copulation, nurturing of progeny) and thus are highly
salient stimuli (Brosch, Sander, Pourtois, & Scherer, 2008).
According to the motivational model of emotion (Bradley, 2009;
Bradley, Keil, & Lang, 2012; Lang, Bradley, & Cuthbert, 1997; Lang
& Bradley, 2010), perceptual processing is facilitated and action is
prepared in response to emotional stimuli. These two  processes are
initiated by either the defense system or the appetitive system. The
type and degree of activation is reﬂected in self-report ratings of
the stimuli in terms of valence and arousal. Traditionally, valence is
measured on a 9-point bipolar scale (<5 as unpleasant, 5 = neutral,
>5 as pleasant), and arousal is measured on a 9-point scale (1 = low,
9 = high) (Bradley & Lang, 1994). An unpleasant valence rating
implies that the defense system is activated, and a pleasant valence
rating implies that the appetitive system is activated. Further, the
arousal rating captures (roughly) the level of activation of either
system (Lang & Bradley, 2010).
In the motivational model of emotion, the notion that emotional
stimuli facilitate perceptual processing is commonly referred to as
motivated attention (Lang et al., 1997), and alternative terms are
natural selective attention (Bradley, 2009) and emotional attention
(Pourtois, Schettino, & Vuilleumier, 2013). Motivated attention dif-
fers from directed (i.e., voluntary, top-down) attention in that it
refers to selective attention that is driven bottom up by the emo-
tional stimulus features (Lang et al., 1997).
One of the main consequences of directed (voluntary) atten-
tion is that it facilitates sensory processing through increases in
gain control (Hillyard, Vogel, & Luck, 1998). Accordingly, directed
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ttention ampliﬁes sensory processing of attended stimulus fea-
ures, and stimulus competition is biased, favoring attended
eatures over unattended features (Desimone & Duncan, 1995).
hereas a frontal-parietal network mediates this gain control in
irected attention (Corbetta & Shulman, 2002), there is strong evi-
ence that the amygdala mediates a similar increase in gain control
o emotional stimuli through its backward projections to sensory
reas (Pourtois et al., 2013).
Although research has consistently demonstrated that atten-
ion is captured more strongly by emotional than neutral stimuli
Öhman, Flykt, & Esteves, 2001; Schimmack, 2005; Vuilleumier &
uang, 2009), it has been debated whether or not motivated atten-
ion to emotional distracters is a mandatory process or whether
r not it can be reduced and even eliminated (Pessoa, 2005;
uilleumier, 2005). In a classic fMRI study (Vuilleumier, Armony,
river, & Dolan, 2001), two faces (either fearful or neutral) were
hown left and right of ﬁxation while two houses were shown
bove and below ﬁxation (or vice versa). Participants performed a
ame-different judgment task on either the horizontal pictures or
he vertical pictures. Activation in the fusiform face area decreased
hen faces were unattended. In contrast, amygdala activation was
reater to fearful than neutral faces, and this emotional modulation
as similar regardless of whether or not the faces were attended to.
hese ﬁndings suggested that the amygdala may  extract the emo-
ion signal in the fearful faces independent of directed attention
Vuilleumier, 2005). However, this interpretation was  challenged
y ﬁndings of another fMRI study (Pessoa, McKenna, Gutierrez,
 Ungerleider, 2002). When faces were shown at ﬁxation but
articipants performed a difﬁcult line discrimination task, acti-
ation in the amygdala as well as the fusiform face area was
liminated. Therefore, this ﬁnding suggests that motivated atten-
ion to irrelevant distracters can be reduced, if not eliminated,
y directing attention away from the emotional pictures (Pessoa,
005).
The issue of whether motivated attention to emotion pictures is
nﬂuenced (reduced or eliminated) by directed attention has been
tudied extensively using electroencephalography (EEG). Partici-
ants were typically instructed to keep their gaze on emotional
ictures while attending to task-relevant, non-emotional aspects
f the visual input. Stimulus material was mostly negative and
eutral pictures from the International Affective Picture System
IAPS; Lang, Bradley, & Cuthbert, 2008). This picture set contains
ore than 1000 pictures that represent various motifs and that
ary substantially across normative ratings of valence (positive
nd negative) and arousal. Studies have consistently found that
lectrocortical measures of motivated attention to task-irrelevant,
motional pictures are reduced if attention is directed away from
he pictures, irrespective of whether the pictures are shown in the
eriphery (De Cesarei, Codispoti, & Schupp, 2009; Eimer, Holmes, &
cGlone, 2003; Holmes, Vuilleumier, & Eimer, 2003; Keil, Moratti,
abatinelli, Bradley, & Lang, 2005; MacNamara & Hajcak, 2009) or
n the center of the screen (at ﬁxation) (De Cesarei et al., 2009;
unning & Hajcak, 2009; Hajcak, Dunning, & Foti, 2009; Holmes,
iss, & Eimer, 2006; Nordström & Wiens, 2012; Sand & Wiens,
011; Schupp et al., 2007; Wangelin, Löw, McTeague, Bradley, &
ang, 2011; Wiens, Sand, Norberg, & Andersson, 2011).
Most  of this research recorded event-related potentials (ERPs)
nd measured the early posterior negativity (EPN) and the late posi-
ive potential (LPP) as indexes of motivated attention. The EPN is the
egative amplitude difference between emotional pictures (either
ositive or negative) and neutral pictures about 200 and 300 ms
fter picture onset recorded by the occipitotemporal electrodes.
he EPN appears to reﬂect a call for attentional resources (Schupp,
laisch, Stockburger, & Junghöfer, 2006). This process apparently
equires minimal stimulus input, as the EPN can be recorded for
ven brieﬂy presented emotional pictures that are shown at a rapidPsychology 94 (2013) 44– 54 45
rate (i.e., for 83 ms  at 12 Hz) (Peyk, Schupp, Keil, Elbert, & Junghofer,
2009). Source localization of the EPN shows contributions from
the occipital and parietal cortexes (Junghöfer, Bradley, Elbert, &
Lang, 2001). Additionally, EPN amplitudes for emotional and neu-
tral IAPS pictures correlate signiﬁcantly with fMRI activations in the
anterior cingulate and the amygdala but not with cortical regions
(Sabatinelli, Keil, Frank, & Lang, 2013). These nonsigniﬁcant cor-
relations with cortical regions may  be explained by confounding
inﬂuences of physical features on cortical responses. Speciﬁcally,
the EPN can be difﬁcult to measure because other stimulus features
such as picture complexity (ﬁgure vs. scene composition) affect the
ERP at roughly the same interval and electrodes (i.e., P2) (Bradley,
Hamby, Löw, & Lang, 2007; Wiens, Sand, & Olofsson, 2011). These
features may  effectively mask the EPN. For example, if emotional
pictures mainly depict scenes and neutral pictures mainly depict
ﬁgures, a larger P2 to the (emotional) scenes than (neutral) ﬁgures
may fully mask the EPN (Strien, Franken, & Huijding, 2009). How-
ever, if a representative subset of IAPS pictures is used, the EPN
appears weakened but not eliminated (Wiens, Sand, & Olofsson,
2011). Although one study matched pictures on rated complexity
and did not observe an EPN (Bradley et al., 2007), another study
with a similar rating procedure obtained a clear EPN for both ﬁg-
ures and scenes (Nordström & Wiens, 2012), which is consistent
with other studies of the EPN that controlled picture complexity
statistically (Junghöfer et al., 2001; Wiens, Sand, & Olofsson, 2011).
Furthermore, because EPN amplitudes increase with arousal ratings
for either pleasant or unpleasant pictures (Junghöfer et al., 2001;
Schupp, Junghöfer, Weike, & Hamm,  2003), these ﬁndings support
the motivational model of emotion—that is, greater activation of
either the defense system or the appetitive system increases moti-
vated attention (Bradley, 2009; Lang et al., 1997; Lang & Bradley,
2010).
The LPP is a positive amplitude difference between emotional
pictures (either positive or negative) and neutral pictures start-
ing about 300 ms  after picture onset over the central-parietal
electrodes (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000).
Although the LPP can be observed even for neutral pictures, we use
the term LPP (and EPN) to refer to amplitude differences between
emotional pictures (positive or negative) and neutral pictures. Con-
founding effects of low-level features on LPP seem relatively minor
(Wiens, Sand, & Olofsson, 2011). For both pleasant and unpleas-
ant pictures, LPP amplitudes increase with arousal rating (Cuthbert
et al., 2000; Schupp et al., 2003), supporting the theory that greater
activation of either the defense system or the appetitive system
increases motivated attention (Bradley, 2009; Lang et al., 1997;
Lang & Bradley, 2010). LPP amplitudes to IAPS pictures correlate
with fMRI activations in the lateral occipital, inferotemporal, and
parietal visual areas (Sabatinelli, Lang, Keil, & Bradley, 2007). A sub-
sequent study conﬁrmed that LPP amplitudes correlate not only
with fMRI activations in multiple dorsal and ventral visual areas
but also with fMRI activations in the insula, anterior cingulate, ven-
tral striatum/nucleus accumbens, and amygdala (Sabatinelli et al.,
2013). Furthermore, a combined EEG/fMRI study suggests that the
contribution of different areas varies with valence (Liu, Huang,
McGinnis-Deweese, Keil, & Ding, 2012).
The LPP appears to reﬂect an allocation of attention resources
(Junghöfer et al., 2001; Olofsson, Nordin, Sequeira, & Polich, 2008;
Schupp et al., 2003). Consistent with this idea, when emotional and
neutral pictures were interjected with target symbols that required
a fast button press, larger LPP amplitudes to the emotional pictures
correlated with longer reaction time to the targets (Weinberg &
Hajcak, 2011) (see also Brown, van Steenbergen, Band, de Rover, &
Nieuwenhuis, 2012). However, in another study (Ferrari, Bradley,
Codispoti, & Lang, 2011), startle probes (i.e., 50-ms noise bursts)
were presented during picture viewing to measure P3 amplitudes
as an index of resource allocation to the irrelevant startle probes.
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hen pictures were repeated 30 times in a row, the P3 to the startle
robes had the same amplitudes during the pictures as during inter-
rial intervals, suggesting that resources were no longer allocated to
he pictures. Nonetheless, LPP amplitudes were larger to emotional
han neutral pictures. These ﬁndings suggest that LPP amplitude is
ot only a measure of attention allocation; in addition, it may  be a
easure of motivational signiﬁcance per se (Bradley, 2009; Bradley
t al., 2012).
Taken together, these studies with task-irrelevant, emotional
ictures have found that electrocortical measures of motivated
ttention (i.e., EPN, LPP, and also other measures such as steady-
tate visual evoked potentials) are reduced if attention is directed
way from the pictures (De Cesarei et al., 2009; Dunning & Hajcak,
009; Eimer et al., 2003; Hajcak et al., 2009; Holmes et al., 2006;
olmes et al., 2003; Keil et al., 2005; MacNamara & Hajcak, 2009;
ordström & Wiens, 2012; Sand & Wiens, 2011; Schupp et al., 2007;
iens, Sand, Norberg et al., 2011). These ﬁndings suggest that moti-
ated attention to task-irrelevant distracters can be reduced by
irected attention.
However, an unresolved question is whether directing atten-
ion away from emotional pictures reduces motivated attention
ore or less strongly with increased activation of the defense or
he appetitive system. If a high activation of the defense or the
ppetitive system (as captured by arousal ratings) protects against
anipulations of attention, then directing attention away from
he pictures should have a smaller effect at high than medium
rousal levels. Speciﬁcally, as EPN and LPP amplitudes increase
ith arousal (Cuthbert et al., 2000; Schupp et al., 2003; Schupp,
tockburger et al., 2006), directed attention should decrease these
mplitudes less strongly for high than medium arousal. Thus, the
elationship between increases in arousal and effects of directed
ttention should be nonlinear, with the effects of directed atten-
ion ﬁrst increasing and then decreasing as arousal level rises. In
ontrast, if arousal level increases sensory gain (Pourtois et al.,
013) and directed attention reduces this effect, then the effect of
rousal on EPN and LPP amplitudes would simply decrease in slope
hen attention is directed away from the pictures. Accordingly,
he larger EPN and LPP amplitudes for highly arousing pictures
ould decrease more strongly than those for moderately arousing
ictures when attention is directed away from the pictures. Thus,
irected attention away from the pictures should decrease EPN and
PP amplitudes more strongly for high as opposed to medium levels
f arousal (cf. Gläscher, Rose, & Büchel, 2007; Rose, Schmid, Winzen,
ommer, & Büchel, 2005).
A  recent study (Wiens, Molapour, Overfeld, & Sand, 2012) tested
hether directing attention away from negative pictures at ﬁx-
tion reduces EPN and LPP amplitudes more or less strongly for
ighly negative versus moderately negative pictures. Participants
iewed three sets of IAPS pictures: highly negative (very unpleasant
nd very arousing), moderately negative (unpleasant and arous-
ng), and neutral pictures. Pictures were shown at ﬁxation and a
etter string was superimposed in the middle of the pictures. Partic-
pants attended either to the pictures (by responding if the picture
as in black and white) or to the letters (by performing a sim-
le letter recognition task). Results showed that when participants
ttended to the letters rather than the pictures, the LPP decreased
ore strongly for highly negative than for moderately negative
ictures (the EPN showed a similar trend). These ﬁndings imply
hat for negative pictures, a high level of arousal does not partic-
larly protect motivated attention when directing attention away
rom the pictures. Instead, directing attention away from pictures
ecreases sensory gain (Pourtois et al., 2013) and thus, LPP ampli-
udes decrease more strongly for high negative than for moderately
egative pictures.
The  purpose of the present study was to replicate and extend
hese ﬁndings. Most previous ERP studies (except for Wiens et al.,Psychology 94 (2013) 44– 54
2012) used only coarse groupings of pictures (e.g., emotional vs.
neutral). However, normative arousal ratings have a wide range
(between 1 and 9) and thus we  chose to treat normative arousal
ratings as a continuum, dividing pictures into six arousal levels. We
chose six levels for two  reasons: First, six levels resulted in about
30 ERP trials per arousal level, which is a commonly used ﬁgure in
studies of emotional ERPs. Second, although our analyses focused
on the linear trend, six levels provided enough precision and power
to detect even nonlinear trends.
Furthermore, we considered that according to the motivational
model of emotion, increased activation (as measured by arousal
ratings) in either the appetitive system or the defense system
increases motivated attention (Bradley, 2009; Lang et al., 1997;
Lang & Bradley, 2010). Although most research has been done on
the defense system, there is convincing evidence showing that
activation of the appetitive system also increases motivated atten-
tion (Lang & Bradley, 2010; Schimmack, 2005). For example, EPN
and LPP amplitudes are increased not only for highly arousing,
unpleasant pictures but also for highly arousing, pleasant pic-
tures (Rozenkrants & Polich, 2008; Schupp et al., 2003; Schupp,
Junghöfer, Weike, & Hamm,  2004; Schupp, Stockburger et al., 2006).
In regards to manipulating directed attention, evidence suggests
that electrocortical measures of motivated attention are reduced
to unattended pictures regardless of whether they are pleasant or
unpleasant (De Cesarei et al., 2009; Eimer et al., 2003; Keil et al.,
2005; Schupp et al., 2007). The present design, however, extends
this previous research in that it manipulates arousal in six lev-
els, thus providing a better picture of the relationship between
arousal and the effects of directed attention on EPN and LPP ampli-
tudes.
The motivational model of emotion further states that with sim-
ilar increases in arousal ratings, activation increases more strongly
in the defense system than in the appetitive system (Bradley & Lang,
2007; Lang et al., 1997). So, if EPN and LPP were accurate measures
of the level of motivated attention, then EPN and LPP amplitudes
should increase more strongly for unpleasant than for pleasant
pictures. However, some evidence suggests the opposite—that at
high levels of arousal, EPN and LPP amplitudes are larger for pleas-
ant than for unpleasant pictures (Bailey, West, & Mullaney, 2012;
Flaisch, Stockburger, & Schupp, 2008; Schupp, Cuthbert, et al., 2004;
Schupp, Junghöfer, et al., 2004). As further evidence for larger
resource allocation for arousing, pleasant pictures as opposed to
arousing, unpleasant pictures, larger P3 amplitudes were found in
response to highly arousing, sexual pictures than in response to
highly arousing, unpleasant pictures as targets in a modiﬁed odd-
ball task (Briggs & Martin, 2009) and as cues in a peripheral cueing
task (Briggs & Martin, 2008). At face value, these ﬁndings imply
that motivated attention is stronger for pleasant pictures than for
unpleasant pictures. On the basis of this, together with the ﬁnd-
ing that directed attention reduced LPP more strongly for highly
negative pictures than for moderately negative pictures (Wiens
et al., 2012), we  predicted that if EPN and LPP amplitudes are
larger for highly arousing, pleasant pictures than for highly arous-
ing, unpleasant pictures, then directed attention will reduce EPN
and LPP amplitudes more strongly for pleasant pictures as opposed
to unpleasant pictures.
In  the present study, participants viewed 375 IAPS pictures that
varied in valence (positive and negative) and arousal level. For each
valence, pictures were divided into six arousal levels to determine
whether attention directed away from the pictures reduces EPN and
LPP amplitudes linearly or nonlinearly with regard to arousal levels.
We predicted a linear effect, in which the higher the arousal level,
the greater the reduction in EPN and LPP amplitudes when atten-
tion is directed away from the pictures (Wiens et al., 2012). Further,
because EPN and LPP amplitudes are larger for highly arousing
pleasant pictures than for unpleasant pictures (Schupp, Cuthbert
S. Wiens, E. Syrjänen / Biological Psychology 94 (2013) 44– 54 47
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short break in the middle of each task. Before each task, they performed a practice
task with 18 trials (3 target trials) with pictures taken randomly from the target
picture  set.1ig. 1. Normative valence and arousal for the IAPS pictures (n = 375). The left panel
ender). The larger circles denote mean valence and arousal levels for the six arou
anel: mean normative arousal for the six arousal levels (positive in gray, negative 
t al., 2004; Schupp, Junghöfer et al., 2004), we predicted that atten-
ion being directed away from the pictures decreases EPN and LPP
mplitudes more strongly for pleasant pictures than for unpleasant
ictures.
. Method
.1. Participants
Participants were 18 students and professionals (12 women  and 6 men)
ecruited  via ads placed at the local universities in Stockholm, Sweden. Mean age
as 29.9 (SD = 10.0) years, and participants had normal or corrected to normal vision.
ean trait anxiety (STAI-T) was 39.1 (SD = 6.8) (Spielberger, 1983), and the study was
pproved by the regional ethics board. Participants gave informed consent and were
ewarded with course credit or 2 movie vouchers.
.2. Apparatus
The pictures were shown on a 21′′ View Sonic p227f CRT-screen at a refresh rate
f 100 Hz and a resolution of 1280 × 1024 pixels. Viewing distance was  80 cm and
as maintained with a chinrest. The experiment was programmed in Presentation
4.8  (Neurobehavioral Systems, Albany, CA).
EEG data was collected from 128 electrodes with an Active Two  Biosemi system
Biosemi, Amsterdam, Netherlands). Electrodes were placed according to the ABC
ayout—that is, electrodes were positioned in increasingly larger circles from the
ertex (http://www.biosemi.com/headcap.htm). Data were sampled at 512 Hz and
ltered with a hardware low-pass ﬁlter at 104 Hz and an ofﬂine notch ﬁlter at 50 Hz.
.3. Stimuli
Color pictures were taken from the International Affective Picture System (Lang
t al., 2008). The pictures ranged from very negative (low valence and high arousal)
o neutral (medium valence and low arousal) to very positive (high valence and high
rousal). The pictures represented various content. For example, negative content
ncluded disgust, mutilation, victims, and threat; neutral content included objects,
owers, and human portraits and scenes; and positive content included exciting
ports,  cute animals, and sexual themes. Two  picture sets were created: a target
icture set and a non-target picture set. The target set of 290 pictures was  used only
uring target trials that required a button press. Because ERPs were not analyzed for
arget trials, the target picture set will not be described further, except to say that it
esembled the non-target picture set. The non-target set, consisting of 375 pictures,
as used only during non-target trials that did not require a button press (ERPs weres a scatterplot of individual IAPS in terms of normative valence and arousal (across
els (in gray: positive for valence > 5, and in black: negative for valence ≤ 5). Right
ck). The CIs refer to each individual mean.
analyzed  only for these trials). The left panel of Fig. 1 shows normative values (across
gender) for valence and arousal from the IAPS set for each of the 375 pictures. As
shown, the pictures showed the typical butterﬂy distribution and covered the full
range of valence and arousal levels, similar to the complete IAPS set.
2.4. Procedure
Each trial consisted of an 800-ms ﬁxation cross, a 200-ms picture stimulus, and
a blank screen of 1300, 1400, or 1500 ms (randomly determined on each trial). The
picture stimulus consisted of an IAPS picture in the center of the screen, a row of 3
identical letters above the picture, and a row of 3 identical letters below the picture.
Letters were taken from the set of L, N, O, V, X, and Z (randomly determined on each
trial). Picture size was 19.5 cm (13.9◦) wide and 13.5 cm (9.6◦) high. From the middle
of  the picture, the distance was 8.5 cm (6.1◦) to the center of each letter row and was
6 cm (4.3◦) to the left and right letter in each row. Maximum letter size was  1.5 cm
(1.1◦) wide and 1.5 cm (1.1◦) high. The monitor background was  dark gray and the
letters were shown in Arial in light gray.
Participants performed two tasks that are illustrated in Fig. 2. In the picture task,
participants had to push the space key when the picture was in black and white
(i.e.,  target trial). In the letter task, participants had to push the space key when the
two rows of letters differed from one another. For example, a target trial had LLL
in the top row and VVV in the bottom row. On non-target trials in both tasks, the
top and bottom rows showed identical letters. Participants were instructed to keep
their gaze at the center of the screen (i.e., the position of the ﬁxation cross), and to
respond as quickly and as accurately as possible. They were also instructed not to
worry if they made a mistake, but instead to focus on the next trial.
Each task consisted of 75 target trials and 375 non-target trials (i.e., 1:5 ratio for
target to non-target trials). For each task and subject, trial order was  random with
the restriction that one in six trials had to be a target trial. For the 75 target trials,
pictures  were selected randomly (without replacement) from the target picture set.
For the 375 non-target trials, all 375 pictures from the non-target picture set were
used once in random order.
Task  order was counterbalanced across subjects. Participants were allowed a1 The 375 pictures were categorized according to their normative ratings across
gender.  These norms correlated highly with the separate norms for men and for
women (r > .94 for valence and r > .89 for arousal).
48 S.  Wiens, E. Syrjänen / Biological Psychology 94 (2013) 44– 54
Fig. 2. Illustration of the stimuli in the picture task and the letter task. Non-target trials on both tasks (left panel), and target trials in the picture task (middle panel) and
letter task (right panel). ERP data were collected only during non-target trials. These trials were similar in both tasks and consisted of a color picture (emotional or neutral)
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eith a row of three letters each above and below the picture. In the picture task, pa
articipants responded when the two letter rows differed. Note that the example 
eferences to color in this ﬁgure legend, the reader is referred to the web version of
.5.  Data reduction
In the motivational model of emotion (Bradley & Lang, 2007; Lang & Bradley,
010),  valence is rated on a bipolar scale between 1 (unpleasant) and 9 (pleasant)
ith  5 as neutral. Consistent with this model (e.g., see Fig. 25.2 in Bradley & Lang,
007), normative valence ratings across gender2 were used to categorize the IAPS
ictures (for non-target trials) as unpleasant (with ratings less than or equal to 5)
nd as pleasant (with ratings greater than 5). As a result, the 375 IAPS pictures were
rouped into positive pictures (n = 213) and negative pictures (n = 162). Within each
alence group, the pictures were sorted by the arousal norms across gender and then
rouped into six levels of arousal2 (number of pictures per group ranged between
7  and 36).3 The left panel of Fig. 1 shows the mean valence and arousal norms for
he six arousal levels, for positive pictures (gray circles) and negative pictures (black
ircles) separately. The right panel of Fig. 1 shows mean arousal norms for the six
rousal levels for positive pictures (gray circles) and negative pictures (black circles)
eparately. As shown, increases in arousal level are accompanied by linear increases
n arousal norms for positive and negative pictures. Note that arousal increases
ore  strongly for negative than positive pictures, as indicated by a steeper slope
or negative versus positive pictures.
The EEG was processed ofﬂine with BESA software (version 5.3.7, MEGISoftware  GmbH, Gräfelﬁng, Germany, www.besa.de). Noisy electrodes were inter-
olated  with spherical splines (between 1 and 6 electrodes for 8 subjects). Ocular
rtifact detection and correction algorithms (15 surrogate brain sources) were
pplied to the raw EEG. For each trial, an epoch was extracted relative to picture
2 The IAPS codes for the 12 different picture categories (P = pleasant,
 = unpleasant, 1 to 6 = arousal category) were as follows. P1: 1333, 1450, 1604, 1670,
910, 2000, 2010, 2020, 2036, 2037, 2038, 2102, 2235, 2357, 2370, 2411, 2501, 2513,
850, 2870, 5000, 5020, 5510, 5520, 5530, 5875, 7004, 7026, 7053, 7080, 7090, 7179,
205, 7233, 7900, 8312; P2: 1419, 1441, 1600, 1602, 1603, 1605, 1616, 1620, 1900,
942, 2035, 2060, 2170, 2214, 2240, 2273, 2299, 2314, 2342, 2358, 2359, 2360, 2374,
382, 2384, 2387, 2388, 2442, 2511, 2514, 2540, 2593, 2594, 2720, 4573, 7493; P3:
122, 1350, 1410, 1460, 1500, 1630, 1721, 1740, 1750, 1810, 1920, 1947, 2030, 2057,
070, 2151, 2152, 2156, 2250, 2260, 2274, 2311, 2332, 2339, 2341, 2597, 2660, 4531,
561, 4574, 4616, 5831, 5836, 8032, 8205, 8497; P4: 1440, 1540, 1590, 1595, 1660,
908, 2040, 2056, 2158, 2165, 2340, 2391, 2550, 4003, 4071, 4130, 4250, 4320, 4470,
520, 4525, 4542, 4559, 4572, 4575, 4600, 4612, 4619, 4624, 4625, 8208, 8232, 8250,
371, 8620; P5: 1710, 1722, 1820, 2045, 2075, 2155, 2345, 2347, 4002, 4006, 4007,
008, 4090, 4220, 4225, 4505, 4530, 4598, 4628, 4631, 4640, 4641, 5622, 5628, 7499,
515, 7660, 8001, 8021, 8031, 8040, 8041, 8117, 8211, 8420; P6: 2208, 4085, 4210,
490, 4597, 4599, 4604, 4611, 4643, 4645, 4650, 4653, 4658, 4659, 4660, 4669, 4680,
687, 4690, 4692, 4693, 4694, 4695, 4697, 4698, 5623, 5626, 8161, 8191, 8192, 8193,
260, 8300, 8340, 8499; U1: 2104, 2190, 2200, 2210, 2221, 2393, 2397, 2493, 2840,
890, 7000, 7006, 7010, 7020, 7031, 7035, 7040, 7041, 7050, 7059, 7060, 7110, 7150,
175, 7185, 7950, 9210; U2: 1935, 1945, 2002, 2026, 2039, 2101, 2215, 2272, 2278,
312, 2383, 2396, 2400, 2410, 2455, 2456, 2512, 2525, 2690, 2695, 2718, 2750, 2752,
010, 8121, 9265, 9341; U3: 1270, 1275, 1390, 1505, 1645, 2301, 2457, 2458, 2751,
900, 3181, 7359, 7360, 7361, 8231, 9041, 9171, 9182, 9332, 9415, 9417, 9419, 9435,
530, 9592, 9594, 9596; U4: 1019, 1271, 1274, 2345.1, 2710, 2800, 3180, 3230, 3261,
242, 6571, 6832, 9043, 9140, 9181, 9184, 9185, 9253, 9322, 9403, 9420, 9427, 9520,
560, 9571, 9590, 9599; U5: 1090, 1200, 1202, 1205, 2683, 2688, 2691, 2703, 3022,
103, 3225, 4770, 6212, 6220, 6410, 6530, 6840, 7380, 7640, 9040, 9042, 9075, 9254,
321, 9325, 9326, 9433; U6: 1052, 1114, 1932, 2730, 3001, 3019, 3030, 3059, 3064,
068, 3100, 3110, 3131, 3150, 3213, 3250, 6312, 6315, 6520, 6560, 6570, 6821, 9163,
183, 9187, 9412, 9414.
3 The results reported below were similar when positive pictures were randomly
xcluded  to obtain identical numbers of positive and negative pictures.ants responded when the picture was shown in black and white. In the letter task,
e shows the second author and is not from the IAPS set. (For interpretation of the
rticle.)
stimulus onset between -100 and 1000 ms  with a 100 ms  baseline. All EEG data
were  re-referenced to the arithmetic average of all 128 electrodes.
ERPs  for both tasks were analyzed only for non-target trials that did not evoke
a  button press (i.e., correct rejections) to reduce confounding effects from motor
responses. The selection of electrodes and intervals for ERP peaks was guided mainly
by visual inspection. The resulting ERP peaks matched those in previous studies
in  our lab (Nordström & Wiens, 2012; Sand & Wiens, 2011; Wiens et al., 2012;
Wiens, Sand, Norberg et al., 2011). For EPN and LPP, we inspected the grand mean
across tasks of the ERPs for highly arousing pictures (i.e., level 6 across positive and
negative) minus ERPs for neutral pictures (i.e., level 1 across positive and negative).
The  EPN was  apparent between 200 and 280 ms after picture onset on 15 electrodes
(A10  to A15, A23 to 28, and B07 to B09). The LPP was apparent between 400 and
700  ms  after picture onset on 11 electrodes (A01 to A05, A19, A31, B01 and B02,
and  D15 and D16). For each participant, mean amplitudes of each non-target trial
without a button press (max = 375 per task) were extracted separately across the
EPN- and LPP-relevant electrodes and intervals. For each participant, outliers in
mean amplitudes (i.e., more than 3 SDs from the median) were adjusted to 3 SDs
from the median. These outliers were less than 2.6% per subject for the 750 trials
across  both tasks.
zFor  completeness, we also extracted the P1 because some studies have found
emotion  effects on P1 (Olofsson et al., 2008). For the P1, we  inspected the grand mean
of the ERPs across all trials used above for EPN and LPP. The P1 was apparent between
70 and 110 ms  after picture onset on 10 electrodes (A09 to A11, A15, A28, B06 to
B08, B11, and D31). However, because similar analyses as those for EPN and LPP (see
below) yielded no signiﬁcance (ps > .10), these null ﬁndings for P1 are not reported.
In terms of relationships between arousal level and ERPs, an EPN would be appar-
ent if the EPN-relevant amplitudes decreased with higher arousal level (i.e., negative
linear effect). In contrast, an LPP would be apparent if the LPP-relevant amplitudes
increased with higher arousal level (i.e., positive linear effect). To study how these
linear effects depended on task (picture, letter) and valence (positive, negative), we
analyzed EPN-relevant and LPP-relevant amplitudes in separate repeated-measures
ANOVAs  with the independent variables task (picture, letter), valence (positive, neg-
ative), and arousal level (1 to 6) with a focus on the linear effect of arousal. To
facilitate  communication, only effects involving arousal are reported below, and in
the ﬁgure of mean amplitudes, the means in each ﬁgure were baseline corrected for
the lowest arousal level (i.e., level 1). Additional analyses were performed to test
whether gender or trait anxiety moderated the ERP ﬁndings. Because these effects
were not signiﬁcant, these null ﬁndings are not reported.
For  each task, overall performance was indexed in terms of hit rate, mean reac-
tion  time to hits, and the signal-detection measure d′ . Hit rate was computed as
the proportion of target trials with button presses (of 75 target trials), and mean
reaction  time to hits was computed for these trials. Because d′ combines hit rates
and false alarm rates, false alarm rates were computed as the proportion of non-
target trials with (incorrect) button presses (of 375 non-target trials). Proportions
of  0 and 1 were avoided by adding half a trial to the numerator and one trial to the
denominator before computing any hit and false alarm rates (Wiens, Peira, Golkar,
& Öhman, 2008). Note that only overall performance scores were computed for
each task because target trials were selected randomly from the ﬁrst set of 290
IAPS pictures and these pictures were not speciﬁcally coded in terms of different
combinations  of valence and arousal.
Because our analyses tested only linear (1-df) contrasts, violations of sphericity
were  not an issue (Baguley, 2012). Statistical analyses were considered signiﬁcant
at  p < .05, two-tailed.3. Results
The top rows in Figs. 3 and 4 show the mean ERP waves for EPN-
relevant electrodes (Fig. 3) and LPP-relevant electrodes (Fig. 4) for
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Fig. 3. Results for EPN-relevant electrodes and intervals. The top row shows the mean ERP waves for positive pictures (left) and negative pictures (right) across the EPN-
relevant electrodes, separately for arousal levels high (6) and low (1) and for each task (picture and letter). The middle row shows the difference waves (high minus low),
separately for each task. Note that the negativity reﬂects the actual EPN (early posterior negativity). ERP waves were low-pass ﬁltered at 30 Hz. The bottom row shows the
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reen dots for the left-most topography show the EPN-relevant electrodes (n = 15) 
rousal (level 1), pic = picture task, let = letter task. (For interpretation of the referen
ictures with high arousal (level 6) and low arousal (level 1) for
ach task, separately for negative pictures (left panels) and positive
ictures (right panels). The bottom rows in Figs. 3 and 4 show the
opographies of the differences between high and low arousal (i.e.,
evel 6 minus level 1) across the relevant electrodes and intervals,
eparately for each task and valence.
Fig. 5 shows EPN-relevant mean amplitudes. The left panel
hows mean amplitudes collapsed across positive and negative
ictures over the six arousal levels, for the two  tasks sepa-
ately. The right panel shows mean amplitudes collapsed across
asks over the six arousal levels, for positive and negative pic-
ures separately. Note that at arousal level 1, mean amplitudes
ere 9.83 (SD = 3.71) for negative and 9.29 (SD = 3.82) for positive
ictures during the picture task and 7.78 (SD = 3.15) for nega-
ive and 7.82 (SD = 3.55) for positive pictures during the letter
ask.
The repeated-measures ANOVAs of EPN-relevant mean ampli-
udes, with the independent variables task (picture, letter), valence
positive, negative), and arousal (1–6), showed that the linear effect
f arousal was highly signiﬁcant, F(1, 17) = 29.63, p < .001, 2P = .64.
his linear effect of arousal was not qualiﬁed by a three-way inter-
ction with task and valence, F(1, 17) = 2.15, p = .160, 2P = .11. It
as qualiﬁed, however, by a two-way interaction with task, F(1,
7) = 11.25, p = .004, 2P = .40. As shown in the left panel of Fig. 5,
he relatively strong linear arousal effect (with negative slope) dur-
ng the picture task decreased during the letter task. In contrast, the
wo-way interactions between higher-order effects (e.g., quadratic,
ubic) of arousal and task were not signiﬁcant (ps > .11). Further-
ore, the ANOVA using only the letter task data showed that thess 200–280 ms  between arousal levels high and low, separately for each task. The
ere collapsed for the ERP waves in the top row. Hi = high arousal (level 6), lo = low
 color in this ﬁgure legend, the reader is referred to the web version of this article.)
linear  arousal effect remained signiﬁcant, F(1, 17) = 8.75, p = .009,
2P = .34.
An  additional ﬁnding of the ANOVA of EPN-relevant amplitudes
was that the linear arousal effect showed a two-way interaction
with valence, F(1, 17) = 6.52, p = .021, 2P = .28. As shown in the right
panel of Fig. 5, with increases in arousal, amplitudes decreased
much more for positive than negative pictures; thus, the inter-
action indicated that arousal elicited a relatively stronger EPN
(i.e., more negative slope) for positive pictures than for negative
pictures.
Fig. 6 shows LPP-relevant mean amplitudes, for the two  tasks
separately, over the six arousal levels for positive pictures (left
panel) and negative pictures (right panel). Note that at arousal level
1, mean amplitudes were 0.33 (SD = 1.36) for negative and 0.10
(SD = 1.22) for positive pictures during the picture task and 0.74
(SD = 1.80) for negative and 1.76 (SD = 1.57) for positive pictures
during the letter task.
The  repeated-measures ANOVAs of LPP-relevant mean ampli-
tudes, with the independent variables task (picture, letter), valence
(positive, negative), and arousal (1 to 6), showed that the linear
effect of arousal was highly signiﬁcant, F(1, 17) = 33.76, p < .001,
2P = .67. Critically, this linear effect of arousal was qualiﬁed by
a three-way interaction with task and valence, F(1, 17) = 5.21,
p = .036, 2P = .24, and a two-way interaction with task, F(1,
17) = 14.50, p = .001, 2P = .46. In contrast, higher-order effects (e.g.,
quadratic, cubic) of arousal did not interact (ps > .21) either with
task or with valence and task together. As shown in the left panel
of Fig. 6, the relatively strong linear arousal effect (with a posi-
tive slope) for positive pictures during the picture task decreased
50 S.  Wiens, E. Syrjänen / Biological Psychology 94 (2013) 44– 54
Fig. 4. Results for LPP-relevant electrodes and intervals. The top row shows the mean ERP waves for positive pictures (left) and negative pictures (right) across the LPP-
relevant electrodes, separately for arousal levels high (6) and low (1) and for each task (picture and letter). The middle row shows the difference waves (high minus low),
separately for each task. Note that the positivity reﬂects the actual LPP (late positive potential). ERP waves were low-pass ﬁltered at 30 Hz. The bottom row shows the
respective topographies (view on top of head) of the mean amplitude differences across 400–700 ms  between arousal levels high and low, separately for each task. The green
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dots  for the left-most topography show the LPP-relevant electrodes (n = 11) that we
level 1), pic = picture task, let = letter task. (For interpretation of the references to c
uring the letter task. Supporting this, an ANOVA of only the posi-
ive pictures yielded a two-way interaction between linear arousal
nd task, F(1, 17) = 22.10, p < .001, 2P = .57. In contrast, as shown
n the right panel of Fig. 6, an ANOVA of only the negative pic-
ures yielded a nonsigniﬁcant two-way interaction between linear
rousal and task, F(1, 17) = 1.74, p = .21, 2P = .09. When the three-
ay interaction was broken down by task, the ANOVA of only the
icture task data for both positive and negative pictures showed
 marginally signiﬁcant interaction between linear arousal and
alence, F(1, 17) = 4.22, p = .056, 2P = .20, and a clear main effect
f arousal, F(1, 17) = 45.00, p < .001, 2P = .73. The ANOVA of only
he letter task data for both positive and negative pictures showed
hat there was no interaction between linear arousal and valence,
(1, 17) = 1.05, p = .320, 2P = .06, but that there was  a main effect of
rousal, F(1, 17) = 7.35, p = .015, 2P = .30.
Behavioral task performance showed that although both tasks
ere simple and had ceiling effects, the picture task was easier
han the letter task. Mean hit rates were 98.59% (SD = 1.68) for the
icture task and 93.93% (SD = 5.06) for the letter task. Mean d′ was
.54 (SD = 0.42) for the picture and 3.46 (SD = 0.64) for the letter
ask. Mean reaction times to hits were 535.97 ms  (SD = 67.33) for
he picture and 661.88 ms  (SD = 59.22) for the letter task. For all
ask comparisons, t(17) > 4.32, p < .001, 2P = .52.
Because task performance differed between tasks, an additional
nalysis was performed to study whether this difference in task per-
ormance could account for the signiﬁcant two-way interactions
etween the linear arousal effect and task-type. A performance
ifference score between the two tasks was computed to grouplapsed for the ERP waves in the top row. Hi = high arousal (level 6), lo = low arousal
 this ﬁgure legend, the reader is referred to the web  version of this article.)
subjects  (by median split) according to whether they showed a
relatively small or large d’ change in task performance (Wiens,
Sand, Norberg et al., 2011). When the ANOVAs of EPN- and for
LPP-relevant amplitudes included this additional between-subjects
variable, there were no interactions for change in task performance
with either the linear arousal effect and task-type (ps > .18) or
arousal, task-type, and valence (ps > .60).
4. Discussion
When participants directed their attention from the pictures at
ﬁxation to the letters that surrounded the pictures, the slope of the
linear effects of arousal on EPN-relevant and LPP-relevant ampli-
tudes decreased (i.e., ﬂattened). For EPN-relevant amplitudes, this
decrease was  similar for pleasant and unpleasant pictures. For LPP-
relevant amplitudes, this decrease was  stronger for pleasant than
for unpleasant pictures (and the decrease for unpleasant pictures
was not signiﬁcant).
These  results replicate and extend previous reports that
directing attention away from emotional pictures reduces elec-
trocortical measures of motivated attention, for pictures in the
periphery (De Cesarei et al., 2009; Eimer et al., 2003; Holmes et al.,
2003; Keil et al., 2005; MacNamara & Hajcak, 2009) and at ﬁx-
ation (De Cesarei et al., 2009; Dunning & Hajcak, 2009; Hajcak
et al., 2009; Holmes et al., 2006; Nordström & Wiens, 2012; Sand
& Wiens, 2011; Schupp et al., 2007; Wiens, Sand, Norberg et al.,
2011). Whereas these previous ERP studies manipulated emotion
only in coarse groupings of pictures (e.g., emotional vs. neutral), the
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Fig. 5. Mean amplitudes for EPN-relevant electrodes over the six arousal levels. Left: mean amplitudes separately for each task (picture and letter) but collapsed across
valence. Right: mean amplitudes separately for each valence (positive and negative) but collapsed across task. To facilitate interpretation of differences in the linear trends,
the  arousal level 1 served as baseline and was set to zero. Note that this correction does not affect the statistics regarding differences in the linear trends. The 95% CIs refer to
the  estimated within-condition variability after removal of between-subjects differences (Baguley, 2012) and are useful to compare conditions: if the CIs of two  conditions
do  not overlap, the conditions differ signiﬁcantly at p < .05.
Fig. 6. Mean amplitudes for LPP-relevant electrodes, separately for each task, over the six arousal levels for positive valence (left) and negative valence (right). To facilitate
interpretation of differences in the linear trends, the arousal level 1 served as baseline and was set to zero. Note that this correction does not affect the statistics regarding
differences in the linear trends. The 95% CIs refer to the estimated within-condition variability after removal of between-subjects differences (Baguley, 2012) and are useful
to  compare conditions: if the CIs of two conditions do not overlap, the conditions differ signiﬁcantly at p < .05.
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resent study used six arousal levels for both pleasant and unpleas-
nt pictures to test for nonlinear effects. Nonlinear effects would
e expected if a particularly high level of arousal protects against
anipulations of attention; in contrast, the present results showed
nly linear effects. Speciﬁcally, when attention was directed away
rom the pictures, the linear effects of arousal decreased in slope
i.e., ﬂattened) for EPN amplitudes for both pleasant and unpleas-
nt pictures and for LPP amplitudes for pleasant pictures. Oddly, the
ecrease in linear effects was not signiﬁcant for LPP amplitudes for
npleasant pictures. This null ﬁnding is not consistent with previ-
us reports of LPP decreases for unpleasant pictures when attention
s directed away from the pictures (Nordström & Wiens, 2012; Sand
 Wiens, 2011; Wiens et al., 2012; Wiens, Sand, Norberg et al.,
011). Taken together, research supports the view that arousal
ncreases sensory gain (Pourtois et al., 2013) and when attention
s directed away from the pictures, sensory gain decreases more
trongly for highly arousing pictures than moderately arousing pic-
ures for both pleasant and unpleasant pictures.
Previous research has shown that directed attention reduces
lectrocortical measures of motivated attention even to pleasant
ictures, but no differences in effects were reported for pleas-
nt and unpleasant pictures (De Cesarei et al., 2009; Eimer et al.,
003; Keil et al., 2005; Schupp et al., 2007). In support of this, the
resent study found that directed attention apparently reduced
PN amplitudes similarly for pleasant and unpleasant pictures.
owever, directed attention reduced LPP amplitudes more strongly
or pleasant pictures than for unpleasant pictures. These results
eem to imply that directing attention away from emotional pic-
ures has stronger effects on attention to pleasant distracters than
o unpleasant distracters. However, this interpretation is compli-
ated by two observations. First, when attention was  not directed
t the pictures (during the letter task), the linear effect between
rousal and LPP amplitudes did not differ signiﬁcantly between
leasant and unpleasant pictures. This ﬁnding does not allow one
o conclude that residual effects of arousal on LPP amplitudes were
eaker for pleasant than unpleasant pictures.
Second, it is unclear whether pleasant and unpleasant pictures
an be readily compared in their LPP amplitudes. In this study,
PN amplitudes across tasks increased more strongly with arousal
or pleasant pictures than for unpleasant pictures. Also, when pic-
ures were attended to (during the picture task), LPP amplitudes
ended to increase with arousal more strongly for pleasant pictures
han for unpleasant pictures (p = .056). These ﬁndings are consis-
ent with previous reports of larger EPN and LPP amplitudes for
ighly arousing pleasant versus unpleasant pictures (Bailey et al.,
012; Flaisch et al., 2008; Schupp, Cuthbert et al., 2004; Schupp,
unghöfer et al., 2004), although other research suggests a nega-
ivity bias (Ito, Larsen, Smith, & Cacioppo, 1998). Nonetheless, if
rousal level affects EPN and LPP amplitudes similarly for pleasant
nd unpleasant pictures, then the amplitudes should be larger for
npleasant than pleasant pictures. This is particularly so because
n this study, normative arousal ratings over the six arousal levels
ncreased more strongly for unpleasant pictures versus pleasant
ictures (see right panel in Fig. 1). Critically, larger EPN and LPP
mplitudes for pleasant pictures as opposed to unpleasant pictures
o not support predictions from the motivational model of emo-
ion: At high arousal, the activation of the defense system should
e stronger than the activation of the appetitive system (see Fig.
5.2 in Bradley & Lang, 2007). So, if arousal simply reﬂects the
trength of activation of either system, and level of activation deter-
ines EPN and LPP amplitudes, the observed amplitudes ought to
e larger for unpleasant pictures than for pleasant pictures at high
rousal. Because results were opposite, it is unclear how to interpret
ifferences in LPP amplitudes between unpleasant and pleasant
ictures. On one hand, when P3 amplitudes to startle probes dur-
ng picture viewing were used to measure resource allocation, P3Psychology 94 (2013) 44– 54
amplitudes were smaller during pleasant picture presentation, sup-
porting the idea that highly pleasant pictures hold attention more
strongly than do highly unpleasant pictures do (Leite et al., 2012;
Schupp, Cuthbert, et al., 2004). On the other hand, the neural gen-
erators that contribute to the LPP seem to differ for pleasant and
unpleasant pictures (Bailey et al., 2012; Liu et al., 2012). This is a
concern because with different neural generators, LPP amplitudes
may not be readily compared. In fact, given the inverse problem
in EEG (Luck, 2005), different neural generators could still gen-
erate similar LPP topographies and amplitudes for pleasant and
unpleasant pictures. These ﬁndings indicate that corroborating
evidence from other measures (e.g., startle P3) is necessary to deter-
mine the psychological meaning of LPP similarities and differences
between pleasant and unpleasant pictures. For example, research
needs to determine whether LPP differences between pleasant and
unpleasant pictures correspond to differences in attention alloca-
tion (Schupp, Flaisch et al., 2006) and motivational signiﬁcance
(Bradley, 2009).
Results  showed that emotional ERPs remained signiﬁcant even
during the letter task. Thus, arousal effects on EPN and LPP were
not eliminated when the letters rather than the pictures were
attended to. This ﬁnding matches previous reports of residual moti-
vated attention to task-irrelevant emotional distracters at ﬁxation
(Attar, Andersen, & Müller, 2010; Attar & Müller, 2012; De Cesarei
et al., 2009; Mocaiber et al., 2010; Norberg, Peira, & Wiens, 2010;
Nordström & Wiens, 2012; Sand & Wiens, 2011; Wangelin et al.,
2011; Wiens et al., 2012). However, because the letter task was
relatively easy, the present results do not resolve whether further
increases in task difﬁculty or perceptual load (Lavie, 2010) would
eventually eliminate emotional ERPs. Previous research involv-
ing negative pictures suggests that even large increases in task
difﬁculty or perceptual load may  not be sufﬁcient to eliminate emo-
tional ERPs (Attar & Müller, 2012; Norberg et al., 2010; Sand &
Wiens, 2011; Wiens et al., 2012). However, because it can always be
argued that further increases in task difﬁculty or perceptual load
will eventually eliminate motivated attention (Pessoa, 2005), an
alternative approach for future research will be to compare the
distracting effects between emotional pictures and other exoge-
nous stimuli such as light ﬂashes (Brosch, Pourtois, Sander, &
Vuilleumier, 2011).
In  the present study, directed attention was manipulated by
instructing participants to attend to either the pictures or the sur-
rounding letters. This raises the question of whether task effects
were confounded by variables other than directed attention. On one
hand, ERP differences between tasks cannot be explained by phys-
ical stimulus differences between tasks. ERPs were measured only
during trials that were identical in both tasks, that is, the picture
stimulus contained a color IAPS picture in the middle of the screen
and identical letters in the top and bottom rows. Furthermore,
the same pictures were shown in both tasks, and task order was
counterbalanced across subjects. Thus, confounding effects from
physical stimulus differences between tasks on ERPs could be ruled
out. On the other hand, both tasks were easy (hit rates exceeded
93%), but they differed signiﬁcantly in task performance. However,
subjects who  showed a relatively large or small performance dif-
ference between tasks (median split) did not differ signiﬁcantly in
their ERP effects between tasks (Wiens, Sand, Norberg, et al., 2011).
Taken together with research that strong increases in task difﬁculty
(via perceptual load) may  not change emotional ERP effects (Attar
& Müller, 2012; Norberg et al., 2010; Sand & Wiens, 2011; Wiens
et al., 2012), these ﬁndings suggest that differences in task perfor-
mance do not account for the differences in ERP effects between
tasks.
Although the sample size was  limited, it was  comparable to
that of many other studies in this area. Results showed clear lin-
ear effects but no evidence for nonlinear effects. However, because
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he sample size was not large, the present ﬁndings do not rule
ut that nonlinear effects may  be obtained with a larger sample
ize. Furthermore, although the present study did not have enough
ower to detect gender differences, other studies with larger sam-
les have not detected gender differences either (Briggs & Martin,
009; Flaisch et al., 2008; Nordström & Wiens, 2012; Rozenkrants
 Polich, 2008; Schupp, Cuthbert, et al., 2004; Weinberg & Hajcak,
010; Wiens et al., 2012). Additionally, previous research suggests
hat gender effects tend to vary in degree rather than in direc-
ion (Bradley, Codispoti, Sabatinelli, & Lang, 2001). Therefore, the
resent ﬁndings likely hold for both men  and women. Lastly, the
resent study relied on normative arousal and valence ratings
ecause a pilot study found that collecting valence and arousal
atings for the 375 pictures from each participant was not feasi-
le in a single session. Also, normative ratings of the IAPS seem
obust because the IAPS set has been validated in many popula-
ions and countries (Lang et al., 2008). Importantly, the present
esults would underestimate true effects only if individuals differ in
ow they rank order the pictures on arousal (separately for pleas-
nt and unpleasant pictures). Indeed, because pictures for each
alence were grouped into six levels with at least 27 pictures in
ach picture group, these individual differences in rank ordering the
ictures would have to be substantial to bias the results. Therefore,
e propose that the present ﬁndings are robust.
According to the motivational model of emotion (Bradley, 2009;
ang et al., 1997; Lang & Bradley, 2010), the actual picture con-
ent is less important than the level of arousal and valence, as
rousal and valence are considered to reﬂect the underlying level
f activation of either the defense system or the appetitive system.
owever, several studies suggested that certain picture content
ay yield effects that are not consistent with the actual levels of
rousal and valence (Briggs & Martin, 2009; Weinberg & Hajcak,
010). In the present study, pictures represented a variety of pic-
orial content, but with increases in arousal, the proportion of
exual pictures increased for pleasant pictures and the proportion
f mutilation pictures increased for unpleasant pictures, which is
he same as in the complete IAPS set (Lang et al., 2008). Importantly,
he motivational model of emotion does not consider this to be
roblem because from an evolutionary perspective, sexual pictures
nd mutilation pictures have the strongest relevance for survival
Bradley, 2009; Lang et al., 1997; Lang & Bradley, 2010). Nonethe-
ess, a stronger test of the motivational model of emotion would
equire using pictures of a single theme that differ widely in ratings
f valence and arousal to demonstrate that the present ﬁndings are
ot driven mainly by speciﬁc themes (sexual pictures, mutilation).
his research, however, faces the challenge that any particular the-
atic content often clusters at a relatively narrow level of arousal
nd valence. So, if different thematic content has different levels of
rousal and valence, it is difﬁcult to determine whether content or
rousal/valence caused different effects (Bernat, Patrick, Benning,
 Tellegen, 2006). Also, only a few categories capture high arousal,
lthough studies of people with small animal phobias would be
nformative to study high negative arousal (Norberg et al., 2010).
To  conclude, directing attention away from pictures at ﬁxation
educes EPN and LPP amplitudes for both pleasant and unpleas-
nt pictures. Because directed attention reduced the linear effects
f arousal on EPN and LPP amplitudes, results are consistent with
he view that directing attention away from emotional pictures
ecreases emotional effects on sensory gain. Thus, motivated atten-
ion is decreased more strongly for highly arousing pictures than
or moderately arousing pictures, irrespective of their valence.eferences
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